In present study, headspace single-drop microextraction (HS-SDME) was applied for the extraction and preconcentration of the volatile components of the plant sample into a microdrop surface. The extraction occurred by suspending a microliter drop of the solvent from the tip of a microsyringe to the headspace of a ripe fruit sample (grapefruit Citrus paradisi) in a sealed vial for a preset extraction time. Then the microdrop was retracted back into the microsyringe and injected directly into a gas chromatography injection port. The chemical composition of the SDME extracts was confirmed according to their mass spectra, and quantitative analysis was performed by gas chromatographyflame ionization detector (GC-FID). Response surface methodology along with Box-Behnken design was applied to optimize the extraction condition of four components, D-limonene, β-myrcene, α-pinene and β-pinene, from the peel of grapefruit. Parameters considered for SDME include the kind of the extracting solvent, size of drop, extraction temperature and extraction time. The optimized condition was microdrop volume of 1 µL, extraction time of 2 min and sample temperature of 50°C.
Introduction
A wide variety of analytical methods are used to extract the volatile compounds from plant material. Techniques commonly used to extract the essential oils include steam distillation, hydrodistillation, dynamic and static headspace, supercritical fluid extraction and solvent extraction (1) (2) (3) (4) (5) (6) (7) . Recently, a fast, simple, inexpensive and virtually solvent-free sample preparation method has been devised for extraction of analytes from water; this technique is known as liquid-phase microextraction or single-drop microextraction (SDME) (8) (9) (10) (11) (12) . SDME combines extraction, concentration and sample introduction in a single step. The technique is based on the distribution of analytes between an organic solvent microdrop at the tip of a microsyringe needle and the aqueous phase. The organic drop is exposed to an aqueous sample where target analyte is extracted into the drop. After attainment of equilibrium, the drop is retracted into the microsyringe and injected into the injection port of the gas chromatography (GC) or gas chromatography-mass spectrometry (GC-MS). The SDME technique has been used for the extraction of dialkylphthalates, nitroaromatics, polycyclic aromatic hydrocarbons, organochlorine compounds, triazine herbicides, cocaine and endosulfans (13) (14) (15) (16) (17) (18) .
The miniaturized microextraction technology is considered as a way for the development and improvement of more sustainable analytical procedures into the framework of green analytical chemistry (19) . As a viable miniaturized sample preparation approach, headspace SDME (HS-SDME) has been applied for the extraction of essential oil from various aromatic plants. In addition, HS-SDME followed by GC-MS has been proven rapid, simple and sensitive method for the analysis of essential oil (20) .
The genus Citrus, belonging to the Rutaceae or Rue family, comprises ∼140 genera and 1,300 species. Citrus aurantifolia (lime), Citrus paradisi (grapefruit), Citrus sinensis (orange), Citrus limon (lemon), Citrus reticulata (tangerine), Citrus grandis (shaddock), Citrus aurantium (sour orange) and Citrus medica (citron) are some important species of genus Citrus. Citrus is one of the most economically important crops in Iran (21) . In the period 2009-2010, the total Citrus production of Iran was estimated to be ∼87,000 tons (22). The grapefruit (C. paradisi) is a subtropical citrus tree known for its sour fruit. The fruit is yellow-orange skinned and largely an oblate spheroid. It is very juicy and rich in flavor. Grapefruit grows in the USA, China, Mexico, South Africa, Iran, India and many other warm regions throughout the world (http://users.kymp.net). Mexican lime, known as key lime or West Indian lime, and marsh grapefruit (marsh seedless) are two of the most important Citrus species used in the world. Although they are important species, the peel components of lime and grapefruit have been investigated very little before. Citrus oils occur naturally in special oil glands in flowers, leaves, peel and juice. These valuable essential oils are composed of many compounds including terpenes, sesquiterpenes, aldehydes, alcohols, esters and sterols. They may also be described as mixtures of hydrocarbons, oxygenated compounds and nonvolatile residues. Flamini and Luigi Cioni (23) reported that these kinds of volatile compounds spontaneously emitted in vivo by different plant parts of grapefruit (Citrus paradisi Macf., Rutaceae). These compounds were collected by solid-phase microextraction during the whole vegetative cycle of the plant and characterized by GC-MS to verify their involvement in entomophilous pollination. They used multivariate statistical analysis including cluster analysis, principal component analysis and multidimensional scaling and finally concluded that there are many differences among the different plant parts and their developmental stages (23) . Citrus oils are commercially used for flavoring foods, beverages, perfumes, cosmetics medicines and etc. (24) . In another report, lemon [C. limon (L.) Burm. f.] and grapefruit (C. paradisi Macf.) peel oils were obtained by cold-pressing peels, followed by high-resolution GC/MS. Limonene and myrcene were the first two major components of grapefruit oil (25) . The insecticidal, antimicrobial, antioxidative and antitumor properties of Citrus oils have recently been reported (26) .
Experimental designs are being frequently used for the optimization of different operating conditions of various processes such as improving the chromatographic separation performance and achieving high extraction efficiency (27) (28) (29) (30) . Theoretically, a number of factors have simultaneous effect on a process. However, application of experimental design is the most effective way to identify and optimize the significant factors, and to achieve a competent result by a few experimental trials (31) . Therefore, the experimental design can be defined as an approach to solve the problem systematically, and it is applied to collect and analyze data for obtaining information-rich results (32) . Optimum and valid result with a minimum effort, time and resources are the primary objectives of applying the experimental design in analytical process. In an experimental design, investigators deliberately maneuver one or several predetermined factors to know their impact on experimental outcome (33, 34) .
Box-Behnken design (BBD) was developed by Box and Behnken (35) . This design consists of a factorial design with three levels and an incomplete block design in such a way to present as a rotatable or nearly rotatable design and to avoid the extreme vertices. BBD requires experiment numbers based on N = 2k (k − 1) + C 0 , where k is factor numbers and C 0 is the central point experiment numbers (30) . It is useful to avoid experiments that are in extreme conditions because the highest level and lowest level combinations for every factor cannot be included in BBD. Unsatisfactory results might be avoided in BBD. The significant effects of BBD on the response can be examined by the analysis of variance (ANOVA). The optimal response can be determined by the regression model with calculating the derivatives of the model (31) .
In this study, HS-SDME was applied for the extraction and preconcentration of the volatile components of the peel of a ripe grapefruit (C. paradisi) into a microdrop surface in a sealed vial for a preset extraction time. Response surface methodology (RSM) along with BBD was applied to optimize the extraction conditions of four volatile compounds, D-limonene, β-myrcene, α-pinene and β-pinene, from the essential oil of grapefruit peels. The considered SDME parameters include the kind of the extracting solvent, sample weight, size of drop, shape of needle tip, temperature of sampling, extraction time and headspace volume. The obtained microdrops under the experimental condition were injected directly into a GC injection port. The chemical composition of the SDME extracts was confirmed according to their mass spectra, and quantitative analysis was performed by gas chromatography-flame ionization detector (GC-FID). To the best of our knowledge, no chemometric treatment has been already performed concerning the simultaneous study of effective factors in HS-SDME extraction of C. paradisi volatile components.
Experimental

Reagents and material
Grapefruit (C. paradisi var. marsh) was collected in December 2012 from Mazandaran province, Iran. The extracting solvents (1-octanol, decane, dodecane, n-hexadecane) were purchased from Merck Chemical Companies (GC grade, 99% minimum purity, Darmstadt, Germany) and used without any further purification.
Apparatus
The extraction and injection procedures were carried out using a 10 µL Hamilton gas tight syringe model 701 with a fixed bevelledpoint needle. GC analysis was performed on an Agilent model 7890A GC (Agilent Technologies, Inc., Palo Alto, CA, USA) equipped with a flame ionization detector and GC-MS. Separations were performed on a HP-5 fused-silica capillary column (30 m × 0.32 mm I.D., film thickness 0.25 µm). The injector and detector temperatures were 230 and 240°C, respectively. Nitrogen used as the carrier gas at the constant flow-rate of 1 mL min −1 . The analysis was performed with an initial column temperature of 40°C held for 4 min followed by heating to 180°C at 3°C min −1 , and finally, heating to 280°C at 20°C min −1 to clean the column.
Extraction procedure
The syringe was completely washed with acetone. After drying the syringe, it was rinsed and primed at least 10 times with the solvent. A vial (65 mL) with a stir bar was placed on a magnetic stirrer and maintained at a desirable temperature by a water bath. During the extraction process, the microsyringe was fixed above the extraction vials (the surface of sample solution) using a septum (sample weight, 1 g; headspace volume, 25 mL). Then extraction solvent was extruded out of the needle and kept suspending at the needle tip. Once the extraction is over, the drop was retracted into the needle and injected directly into the GC inlet. Finally, the analytical signal was shown as the relative peak area of the analyte.
Experimental design
The extraction and preconcentration of four volatile components, D-limonene, β-myrcene, α-pinene and β-pinene, from the essential oil of grapefruit (C. paradisi) peels were carried out using HS-SDME. The experiments used for modeling extraction efficiency were performed on three levels of three factors, using BBD. This design is one of the experimental designs suitable for modeling and optimizing which allows reducing the number of experiments needed. Statistical analysis of results will also allow to know which variables have a significant influence, and to correlate desired response with variables by polynomial equations. In this study, the effect of the three independent variables including microdrop volume (X 1 , 0.5-1 µL), extraction time (X 2 , 1-2 min) and extraction temperature (X 3 , 25-50°C) on the peak area of the four volatile compounds (D-limonene, β-myrcene, α-pinene and β-pinene) was investigated. To define experimental domain, a preliminary study was also performed on the factor levels. The levels were selected on the basis of knowledge that acquired from initial experimental trials. Each independent variable was coded at three levels between −1, 0 and + 1. The feasible region of the selected factors in which the experimental optimization could be carried out is listed in Table I .
These parameters were chosen as they were considered to have the most significant effect on the efficiency of extraction. The experimental design consists of 15 experiments, and the experimental values of peak area for all the experiments and the compounds were also reported in Table II . The optimal conditions of the extraction were determined to maximize the amount of volatile compound from the essential oil of grapefruit peel. Other parameters such as headspace volume and amount of grape fruit peel were fixed at 25 mL and 1 g, respectively.
The response surface regression and significance test were conducted using the Minitab software (version 16).
Considering all the linear terms, square terms and interaction items, the quadratic response model can be described as follows:
where Y is the response; x i and x j are variables (i and j ranged from 1 to k); b 0 is the model intercept coefficient; b j , b jj and b ij are interaction coefficients of linear, quadratic and the second-order terms, respectively; k is the number of independent parameters (k = 3 in this study); and e i is the residual error (36).
Results
Headspace single-drop microextraction
The headspace single-drop microextraction (HSME) theory indicates that the analytes in headspace are transferred into the organic solvent extruded from the tip of a microsyringe needle; a dynamic equilibrium is finally established between the concentrations of the analytes in headspace and the analytes in the organic solvent drop. The amount of the analyte, n, extracted by a microdrop at the equilibrium is calculated by the following equation (37):
where K ms and K hs are the microdrop-sample and the headspace-sample distribution constants, respectively; C 0 the initial concentration of the analyte in the matrix and V m , V s and V h are the volumes of the microdrop, the sample and the headspace, respectively. These parameters (such as selection of solvent, microdrop volume, sample volume, etc.) and their relationships are important for the optimization of the extraction conditions (38) .
Nature of microdrop solvent
It is very important to select a proper solvent for the establishment of a SDME method and achieving good sensitivity, precision and selectivity of the target compounds. The extraction solvent has to satisfy the following requirements: to extract analytes well, to be separated from the analyte peaks in the chromatogram, to have low volatility in order to be stable at the extraction period (37), to contain very low levels of volatile impurities (if lower boiling point extractants are to be analyzed), to have a favorable partition coefficient for volatile components, to have low toxicity (38) and to have polarity like target compounds (31) . Common high-boiling organic solvents such as 1-octanol or n-hexadecane were found to be suitable for the determination of volatile or semi-volatile analytes (36) . In this study, five different solvents with a range of polarities containing 1-octanol, decane, dodecane and n-hexadecane were tested. It was found that n-hexadecane had the best extraction efficiency, while its chromatographic peak was also easily separated from the sample peaks. Thus, n-hexadecane was chosen as an extracting solvent in this investigation (31) .
Statistical analysis and the model fitting
The best regression model was obtained by a variable selection algorithm (backward search) in SPSS software to select the most important effects and to calculate the coefficients relating the effects to the peak area for each compound. The prediction models (for each compound and total peak area) and their statistics are reported in Table III . Criteria for the evaluation of the descriptive capability of the model were Fisher-ratio value (F) for regression and lack-of-fit, squared correlation coefficient (R 2 ), number of descriptors and standard error of the estimate (SE). First of all, different polynomials with all possible combinations of the factors were generated. Then it was found that the simplest polynomial that successfully described the system under study was second order.
Discussion
The ANOVA of the quadratic regression model demonstrated that the model was highly significant, as it was evident from the F-test with a very low probability value. F-ratio in Table III is the ratio of the mean square error to the pure error obtained from the replicates at the design center. The significance of the F-value depends on the number of degrees of freedom (DF) in the model, and it is shown in the P-value (95% confidence level). Thus, the effects lower than 0.05 are significant. The criterion of F for regression with a low probability P-value showed high significance of each five regression models. Also, another way to evaluate model suitability is the lack-of-fit test. The results of F for lack of fit indicated a high probability P-value. The smaller the value of P, the more significant was the corresponding term (39, 40) . The coefficient of determination (R 2 ) of the models indicated a good fitness between predicted values and the experimental data points. Therefore, the obtained model can be used to predict the response within the limits of the experimental factors. A P-value of 0.05 was also used to determine the statistical significance of each coefficient in all analyses (Table III) . The results of models reveal that three significant variables affecting the extraction process (within the chosen limits) were the main effects of microdrop volume, extraction time and extraction temperature. Two variables such as microdrop volume (X 1 ) and extraction time (X 2 ) were the major factors affecting the response more. Determination of the importance of the factors in the model also demonstrated that the interaction between X 1 and X 2 and X 2 and X 3 are significant on the extraction of terpenoids. Therefore, the existence of interaction terms between main factors in conditions of our experiments emphasizes the necessity to carry out active multifactor experiments for determining the optimal condition of essential oil extraction. It is also noteworthy to indicate that the term of X 3 (extraction temperature) showed positive contributions to the dependent variable, whereas the square of X 3 showed negative contribution. The quadratic term of each three factors and interaction of X 2 and X 3 showed the minor effect on the extraction of terpenoids.
The interactive effects of independent variables on the responses were further investigated by constructing three-dimensional response surface graphs and their corresponding two-dimensional contour plots for total peak area (Figure 1a-c and a′-c′) . These graphs are the graphical representations of regression function and helpful in understanding the interaction effects of independent variables on the response. The shapes of the contour plots indicated different interactions between the variables. The graphs in Figure 1a -c are derived from the equation of terpenoid total peak area by keeping one variable constant at its central level for each plot, while varying the levels of other two variables within the experimental range. Figure 1a and a′ shows the effect of microdrop volume (X 1 ) and extraction time (X 2 ). The effect of extraction time (X 2 ) also displayed an increase on the response at a range of 1-2 min. Response increased at relatively long exposure times. Figure 1b and b′ depicts the effect of microdrop volume (X 1 ) and extraction temperature (X 3 ).
It was observed that response was increased with the increase in microdrop volume (X 1 ). As indicated in the theory section, the amount of analyte extracted was increased with drop volume (41) . Figure 1c and c′ shows the 3D surface plot and the contour plot of the effect of extraction time (X 2 ) and extraction temperature (X 3 ). It can be seen that temperature control is important in SDME extractions. Increasing the temperature of the water solution (or solid matrix) increases the extraction efficiency.
To find the optimum condition of the extraction efficiency, a grid search was performed in Excell software. In this software, the total peak area was predicted from the related model within the feasible factor space. Prediction was performed for 275 different experimental conditions, and then the corresponding plot was plotted (Figure 2) .
The investigation of the obtained points under the different experimental conditions leads to the choice of optimal condition. The optimum condition in this case was defined as conditions yielding maximum total peak area (153,379). This condition was found to be microdrop volume (X 1 ) of 1 µL, extracting time (X 2 ) of 2 min and extracting temperature (X 3 ) of 50°C. The chromatogram obtained under optimal condition of extraction by HS-SDME was shown in Figure 3 .
In this condition, the experimental response is in agreement with the predicted result (135,651). Therefore, it is confirmed that this condition is optimal for the extraction response. To validate the selected optimum condition as predicted by the total peak area quadratic model, a check point analysis was performed in the optimal range. The experimental conditions selected for check point analysis and the corresponding observed and predicted responses are presented in Table IV .
As it can be seen, the observed responses were close to the prediction values with small errors (2-5%), demonstrating accuracy of the predicted optimum condition. Therefore, suitability of the model developed for interpreting the experimental space and determining the optimum experimental condition was confirmed.
Conclusion
In the present study, the potential of HS-SDME as a sample preparation technique prior to GC analysis for volatile components of plant matrices has been demonstrated. Box-Behnken response surface design was successfully employed to optimize and study the individual and interactive effect of process variables such as microdrop volume, extraction time and temperature from grapefruit. Model summary statistics showed that the developed model was adequate and precise with the experimental data. RSM was used to determine the optimum condition with a high response. The coefficient of determination (R 2 ) for the model equation was 0.94. The optimum condition was found to be microdrop volume of 1 µL, extraction time of 2 min and extraction temperature of 50°C. The predicted maximum response of total volatile components peak area was 153,379. Under this optimized condition, the 
